Eighteen yeast strains were isolated and identified from cyanide-contaminated soil in South Africa. According to sequence-based analyses using the D1/D2 region of the large ribosomal subunit and ITS region, three of these strains were found to be identical and represent a novel species. Phylogenetic analysis based on the combined dataset of the D1/D2 and ITS regions revealed a grouping with Cryptococcus curvatus, representing a defined clade (Curvatus) in the order Trichosporonales. The three strains were demarcated from Cryptococcus curvatus by standard physiological tests such as assimilation of lactose, xylitol, 5-keto-D-gluconate, succinate and citrate as well as growth on media containing 10 % (w/v) NaCl and 5 % (w/v) glucose. In addition, it was established that these strains could utilize up to 10 mM NaCN as sole carbon source on solid media and as sole nitrogen source in liquid media. On the basis of these findings, it is suggested that the three strains represent a novel species for which the name Cryptococcus cyanovorans sp. nov. is given (type strain CBS 11948 T
Isolation of yeasts from industrial wastewaters and related habitats, such as contaminated soils, has become the subject of research due to the economic and public impacts that arise from these sites (Boening & Chew, 1999; Kjeldsen, 1999) . Industrial processes such as gold and silver extraction through cyanidation contribute to the production of a number of toxic cyanide compounds that affect living organisms, causing serious environmental and health concerns (Atkinson et al., 1998; Rachinger et al., 2002; Pham et al., 2007) . Previous efforts to combat contamination by cyanides were based on the use of chemicals such as ferrous sulphate (Adams, 1992) . Currently, the use of micro-organisms to transform or mineralize toxic pollutants has gained prominence as a relevant substitute to reduce the toxicity of polluting cyanides (Boopathy, 2000) .
Bioremediation of cyanides is mainly reported in studies focusing on the use of algae, filamentous fungi and bacteria (Dumestre et al., 1997; Barclay et al., 1998; Akcil, 2003; Ezzi & Lynch, 2005; Gurbuz et al., 2009) . Although studies have reported yeast strains that can bioremediate heavy metals, including chromium, copper, zinc and nickel [e.g. Meyerozyma (Pichia) guilliermondii and Saccharomyces cerevisiae] (Machado et al., 2008) as well as organic cyanides such as benzonitrile (Cryptococcus sp. UFMSY-28) and phenylacetonitrile (e.g. Exophiala oligosperma) (Rezende et al., 2000; Rustler & Stolz, 2007) , only one strain, Cryptococcus humicola MCN2, is reported to biodegrade inorganic cyanide compounds (Kwon et al., 2002) .
During the study of unidentified yeast isolates deposited in the UNESCO-MIRCEN Biotechnological Yeast Culture Collection housed at the Department of Microbial, Biochemical and Food Biotechnology of the University of the Free State, South Africa, a group of isolates obtained from cyanide-contaminated soil from Sasolburg, South Africa were identified. These strains were all isolated from the same site; however, they were obtained from different soil samples taken from the site. Three of these strains, each isolated from a different sample, were found to belong to a previously undescribed species in the genus Cryptococcus. The name Cryptococcus cyanovorans sp. nov. is proposed for this novel species.
Isolation of DNA was performed on yeast cells grown for approximately 24 h at 30 u C in yeast malt extract (YM) broth (per litre, 3 g yeast extract, 3 g malt extract, 5 g peptone and 10 g glucose). Isolation of DNA was achieved either by genomic DNA extraction (Labuschagne & Albertyn, 2007) or by heating (10 min at 96 u C) cells from a single colony suspended in 20 ml triple distilled water. PCR was performed for the 26S rDNA gene D1/D2 and ITS regions using fungal primers NL-1 (59-GCATATCAA-TAAGCGGAGGAAAAG-39) and NL-4 (59-GGTCCGTGT-TTCAAGACGG-39), ITS-4 (59-TCCTCCGCTTATTGA-TATGS-39) and ITS-5 (59-GGAAGTAAAAGTCGTAAC-AAGG-39), respectively (White et al., 1990; Kurtzman & Robnett, 1998) . Sequences for both the rDNA genes and ITS regions were obtained with the ABI BigDye Terminator Cycle sequencing kit (Applied Biosystems). Resulting sequences were analysed using Geneious Pro 4.8 (Drummond et al., 2009 ) and compared with sequences in GenBank using the BLAST search algorithm (http:// www.ncbi.nlm.nih.gov). Sequences were aligned using CLUSTAL_X version 2.0 (Larkin et al., 2007) . Phylogenetic and molecular evolutionary analyses were conducted with MEGA version 4 (Tamura et al., 2007) using the neighbour-joining method with the Kimura two-parameter distance measure. Confidence values were estimated from bootstrap analysis of 1000 replicates.
Morphological and physiological properties of strains were determined according to standard methods (van der Walt & Yarrow, 1984; Yarrow, 1998) . Scanning electron microscopy (SEM) was conducted on 3-dayold cultures, incubated at 25 u C on YM agar. The cells were fixed according to van Wyk & Wingfield (1994) and scanning electron micrographs were taken with a JEOL 6400 WIN-SEM. The ability of these novel strains, as well as other strains isolated from cyanide-contaminated soil and Cryptococcus curvatus CBS 570 T and Cryptococcus humicolus CBS 2042, to grow in the presence of NaCN as sole nitrogen source in liquid media was assessed as follows. Cells from strains were starved by cultivation in yeast nitrogen base (YNB) without ammonium sulphate and amino acids (per litre 1.7 g YNB and 10 g glucose) following the procedure of Mü ller et al. (2007) . After this period, cells were tested for nitrogen source assimilation using minimal medium (containing, per litre, 4.3 g K 2 HPO 4 , 3.4 g KH 2 PO 4 and 0.3 g MgCl 2 ) containing 10 g l 21 glucose and 10 mM NaCN. Cells were incubated for 120 h at 30 u C. The ability of strains to assimilate NaCN as sole carbon source was assessed using complete YNB medium (6.7 g l 21 ) containing 10 mM NaCN and incubated at 30 u C for 10 days.
Eighteen previously unidentified strains, isolated from cyanide-contaminated soil and held in the UNESCO-MIRCEN Biotechnological Yeast Culture Collection, University of the Free State, South Africa, were identified during this study (Table 1 ). The ascomycetous yeasts identified were Candida rugosa and Candida sorbophila and the basidiomycetous yeasts identified were Cryptococcus curvatus, Rhodosporidium toruloides and Trichosporon montevideense. Three strains were found to represent a previously undescribed species in the genus Cryptococcus.
The basidiomycete genus Cryptococcus Vuillemin is polyphyletic and comprises more than 50 anamorphic species distributed in the class Tremellomycetes, orders Cystofilobasidiales, Filobasidiales, Tremellales and Trichosporonales (Fell et al., 2000; Scorzetti et al., 2002; Golubev et al., 2006; Boekhout et al., 2011) . Because of the polyphyletic nature of species of the genus Cryptococcus, proper phylogenetic positioning is often difficult and requires comprehensive and thorough analyses of sequence data (Nakase et al., 1993; Fell et al., 2000) . In addition, phylogenetic groups within orders such as the Trichosporonales are frequently redescribed based on the inclusion of previously unknown species that may represent unrecognized subgroups. The latter order is described in literature based on six subgroups, i.e. Cutaneum, Formosensis, Gracile/Brassicae, Humicola, Ovoides and Porosum (Takashima et al., 2001; Scorzetti et al., 2002; Middelhoven et al., 2004; Takashima et al., 2009; Pagnocca et al., 2010) . The Humicola subgroup was reported to be the only group in the order Trichosporonales comprising only members of the genus Cryptococcus (i.e. C. humicola, C. longus, C. musci, C. ramirezgomezianus and C. pseudolongus) while other members of this genus in this lineage, such as Cryptococcus curvatus, Cryptococcus daszewskae and Cryptococcus fragicola, are poorly supported (Takashima et al., 2001; Okoli et al., 2007; Takashima et al., 2009) . The current paper proposes the description of Cryptococcus cyanovorans sp. nov. (type strain CBS 11948 T , additional strains CBS 11949 and CBS 11950) which, together with the closely related species Cryptococcus curvatus, represent another subgroup (Curvatus), comprising only members of the genus Cryptococcus in the order Trichosporonales (Fig. 1) . Physiological and biochemical studies demonstrated that the three novel Cryptococcus strains conformed to the current description of this genus as observed by the utilization of D-glucuronate and myo-inositol as well as positive reactions for Diazonium Blue B salt and urease activity (Fell & Statzell-Tallman, 1998; Fonseca et al., 2011) . In addition, these strains were unable to ferment Dglucose. The strains demonstrated consistent differences in their abilities to assimilate certain carbon and nitrogen sources, to grow in the presence of 0.1 % cycloheximide, to produce extracellular starch and to liquefy gelatin (Table 2 ). This, considered together with the fact that each of the strains was obtained from a different soil sample taken from the site, demonstrates the independence of the three strains. Growth studies on cyanide revealed that Cryptococcus cyanovorans sp. nov. was able to assimilate up to 10 mM NaCN as sole carbon and nitrogen source. This species is phenotypically distinct from Cryptococcus curvatus, as indicated in Table 3 . The only other strain in this study that was able to assimilate cyanide, albeit to a lesser extent, was Rhodosporidium toruloides UOFS Y-2233.
Latin diagnosis of Cryptococcus cyanovorans
Motaung, Albertyn, J. L. F. Kock et Pohl sp. nov.
In medio liquid extracto fermenti confecto post dies tres ad 25 u C, cellulae globosae ad cylindricae (1.2-7.2 mm61.2-8.8 mm). Cellulae polariter gemmantes, circumglobatae et binae coherentes. In agaro extracto fermenti et extracto malti confecto, post dies tres ad 25 uC, cultura glabra, cremea, margine integra aut fimbriata. In agaro Dalmau nec pseudohyphae nec hyphae formantur. Non fermentat. D-glucosum, D-galactosum, N-acetylglucosaminum, ribosum, xylosum, L-arabinosum (variabile), sucrosum, maltosum, a,a-trehalosum, methyl a-glucosidum, cellobiosum, salicinum, arbutinum, raffinosum (variable), melezitosum, glycerolum, erythritolum (variabile), ribitolum (variabile), glucitolum (variabile), myo-inositolum, gluconatum, Dglucuronatum, lactatum (variabile), malatum, propan-1, 2-diolum (variabile), butan-2,3-diolum (variabile) et cyanidum assimulantur, neque sorbosum, rhamnosum, lactosum, inulinum, amylum solubile, xylitolum, arabitolum, mannitolum, dulcitolum, 2-keto D-gluconatum, 5-keto Dgluconatum, succinatum, citratum, ethanolum, methanolum, saccharatum, hexadecanum. Nitratum (variabile), nitritum (variabile), ethylaminum, L-lysinum (variabile), cadaverinum (variabile), imidazolum (variabile) et cyanidum assimulantur. Ureum finditur. Vitamina externa non necessaria. Materia amyloidea formatur (variabile). In medio 0.01 % cycloheximidum crescit (variabile). Crescit in medio 1 % aceticum acidum et 10 % NaCl/5 % glucosum neque in medio 50 % glucosum contente. Gelatinum non liquescit. Crescit ad 37 u C. Typus praeservatus in collectione zymotica Centraalbureau voor Schimmelcultures, Utrecht, Neerlandia (CBS 11948 T ) et in collectione zymotica Agricultural Research Services United States Department of Agriculture, Peoria, Illinois (NRRL Y-48730 T ). Fig. 1 . Phylogenetic placement of Cryptococcus cyanovorans sp. nov. in the Curvatus subgroup using the neighbour-joining method with the Kimura two-parameter distance measure. Analysis was performed based on concatenated sequences of 26S rDNA gene D1/D2 region and the ITS domain. Bootstrap percentage (1000 replicates) of ¢50 % are shown. Bar, 2 % nucleotide sequence divergence. Cryptococcus amylolentus was used as the outgroup species in the analysis. Sequences were retrieved from the GenBank/EMBL/DDBJ database using the accession numbers indicated on the tree. Carbon source assimilation: T. E. Motaung and others
